Multiple Components of the Luminous Compact X-ray Source at the Edge of
  Holmberg II observed by ASCA and ROSAT by Miyaji, Takamitsu et al.
ar
X
iv
:a
str
o-
ph
/0
10
25
00
v1
  2
8 
Fe
b 
20
01
Multiple Components of the Luminous Compact X-ray Source at
the Edge of Holmberg II observed by ASCA and ROSAT
Takamitsu Miyaji
Department of Physics, Carnegie Mellon University
Pittsburgh, PA 15213 (miyaji@astro.phys.cmu.edu)
Ingo Lehmann1
Department of Astronomy and Astrophysics, Pennsylvania State University
University Park, PA 16802 (ilehmann@aip.de)
and
Gu¨nther Hasinger
Astrophysikalisches Institut Potsdam, An der Sternwarte 16
D-14482, Potsdam, Germany (ghasinger@aip.de)
ABSTRACT
We report the results of the analysis of new ASCA observations and archival ROSAT data of
the compact luminous X-ray source found at the edge of the nearby star-forming dwarf galaxy
Holmberg II (UGC 4305) in the M81 group. We have found a number of new features in the X-ray
properties of this source. Our new ASCA spectrum revealed that the X-ray emission extends to
the hard band and can be best described by a power-law with a photon spectral index Γ ∼ 1.9
while a kT ∼ 5 [keV] thermal plasma with a low abundance (∼ 0.2Z⊙) is also acceptable. The
ASCA spectrum does not fit with a multi-color disk blackbody, unlike some off-nucleus X-ray
sources with similar luminosities. The joint ASCA-ROSAT spectrum suggests two components to
the spectrum: the hard power-law component and a warm thermal plasma (kT ∼ 0.3 [keV]). An
additional absorption over that of our galaxy is required. The wobble correction of the ROSAT
HRI image has clearly unveiled the existence of an extended component which amounts to 27±5%
of the total X-ray emission.
These observations indicate that there are more than one component in the X-ray emission.
The properties of the point-like component is indicative of an accretion onto an intermediate mass
blackhole, unless a beaming is taking place. We argue that the extended component does not
come from electron scattering and/or reflection by scattered optically-thick clouds of the central
radiation. Possible explanations of this X-ray source include multiple supernova remnants feeding
an intermediate-mass blackhole.
Subject headings: galaxies:dwarf — galaxies:individual (Holmberg II) — galaxies:irregular — (ISM:)
supernova remnants — X-rays:galaxies
1Also Astrophysikalisches Institut Potsdam (present ad-
dress)
1. Introduction
Off-nuclear (non-AGN) point-like luminous X-
ray sources, which exceed the Eddington luminos-
ity of a usual stellar-mass compact object like neu-
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tron stars and galactic binary blackholes (Lx &
1039 [erg s−1]) in nearby galaxies have been rec-
ognized in many galaxies (Fabbiano 1989; Col-
bert & Mushotzky 1999; Read, Ponman & Strick-
land 1997). The luminosity distribution of these
sources extends up to a few ×1040 [erg s−1]. The
most luminous one has been found in the nuclear
region of the starburst galaxy M82 (Ptak & Grif-
fiths 1999; Matsumoto & Tsuru 1999) reaching
∼ 1041 [erg s−1]. The location of this source was
recently verified to be offset from the dynamical
center of the galaxy by Chandra (Matsumoto et
al. 2001).
One interpretation of these X-ray sources is
an accretion onto intermediate-mass blackholes of
102−3 M⊙, while there are other possibilities in-
cluding beaming, super-Eddington accretion, and
a young supernova remnant in a dense interstel-
lar medium. Probably they do not form a sin-
gle class of X-ray sources. The spectra of many
of these sources can be described by a multi-
color disk blackbody model with or without ad-
ditional hard tail (Makishima et al. 2000; Colbert
& Mushotzky 1999). The inner disk temperatures
of the sources studied by Makishima et al. (2000)
are kT ∼ 1.1 − 1.8 [keV]. Since these temper-
atures are higher than that from an intermedi-
ate (102M⊙) blackhole accretion, they proposed
a picture of a spinning (Kerr) blackhole with a
much smaller inner-disk radius than that of a non-
spinning (Schwarzschild) one.
The luminous X-ray source in the star-forming
dwarf galaxy Holmberg II (UGC 4305) is partic-
ularly peculiar among these cases in terms of the
nature of the host galaxy and the location of the
X-ray source. The galaxy is nearby at a distance
of 3.05 Mpc, which was derived from Cepheid
observations (Hoessel, Saha & Danielson 1998).
It is a dwarf irregular galaxy in the M81 Group
with an on-going star-formation activity. Like in
other galaxies of this class, numerous HII regions
are scattered throughout the galaxy (Hodge et al.
1994). The bright X-ray source, which has been
cataloged in the ROSAT Bright Survey (RBS)
(Schwope et al. 2000), is one of the most luminous
X-ray source seen in dwarf galaxies (Lx ∼ 1040
[erg s−1]).
It was observed three times with ROSAT PSPC
as pointed observations and once with HRI. Zezas
et al. (1999) (hereafter ZGW) studied the ROSAT
data on this X-ray source. Their main conclu-
sions were: 1) The X-ray source seems point-like
and located near the edge of the galaxy. Its po-
sition is consistent with one of the compact HII
region complexes of the galaxy considering an un-
certainty of ∼ 6 arcseconds for the ROSAT abso-
lute astrometry from its star tracker. A chance
spatial co-incidence of this HII-region to an un-
related X-ray source of this brightness is highly
unlikely (∼ 3 10−6). 2) The source is time vari-
able on scales of days and years. 3) The spectrum
is soft and can be fitted with a steep power-law
(Γ ∼ 2.7) or a thermal plasma (Raymond-Smith)
of kT ∼ 0.8 keV. Time variability suggests an ac-
cretion onto a compact object, but the luminosity
is 2-4 orders of magnitude larger than typical X-
ray binaries.
There is a radio-knot which is co-spatial with
the HII-region in the X-ray source region. It is one
of the three showing radio spectra suggestive of a
non-thermal emission (Tongue & Westpfahl 1995),
suggesting a recent supernova or multiple super-
novae. However, currently there is no indication
of a special character in the optical-radio data in
this particular HII-region which is presumably as-
sociated with the compact X-ray source compared
with other knots in the galaxy.
As a part of our study of a sample of appar-
ent non-AGN galaxies which have compact lumi-
nous X-ray sources, selected from the RBS, we
have made further X-ray studies of Holmberg II.
In particular, we have obtained a 20 [ks] ASCA
observation of this X-ray source in order to search
for the hard X-ray signature of an AGN-like activ-
ity. In this paper, we report the results from our
data analysis of our ASCA observation and of the
ROSAT data from archives.
The scope of the paper is as follows. In Sect.
2, we summarize the ASCA and ROSAT observa-
tions and data used in our analysis. In Sect. 3
we report our new spectral analysis of the X-ray
source by a joint ASCA-ROSAT PSPC analysis.
In Sect. 4, we searched for an extension by apply-
ing a wobble-correction to the ROSAT HRI data.
Long and short-term X-ray light curves are exam-
ined in Sect. 5. Finally the results are discussed
in Sect. 6.
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2. Observations
Holmberg II was observed with ROSAT five
times. Firstly, it was bright in the ROSATAll-Sky
Survey (RASS) (Voges et al. 1999) and cataloged
in the RBS Schwope et al. (2000). It was observed
three times with ROSAT PSPC pointed observa-
tions in 1992-1993 for 3.7-11 [ks] each. Also it
was observed with ROSAT HRI for 7.8 [ks]. The
ROSAT pointed data have been retrieved from the
High Energy Astrophysics Archival Research Cen-
ter (HEASARC) located at NASA Goddard Space
Flight Center.
The ASCA observation of Holmberg II has
been made with a pointing at the X-ray source
in 1999 as one of the accepted targets from our
proposal in the ASCA EAO-6 (AO-7) program
(PI=Lehmann). The brightness of the source is
such that we can use the SIS FAINT mode for both
the medium and high bit rates with the 1-CCD
mode. Thus we chose to use the 1-CCD/FAINT
modes throughout. For the subsequent analysis,
we use the BRIGHT2 mode data converted from
the FAINT mode. For GIS, we have used the PH
mode as usual. The log of ROSAT and ASCA
pointed observations is shown in Table 1.
3. X-ray Spectral Analysis using ASCA -
ROSAT PSPC
3.1. Extracting ASCA and ROSAT spectra
Extraction and preparation of spectra and re-
sponse matrices have been made using tools in-
cluded in FTOOLS 5.0 and subsequent spectral
fittings have been made using XSPEC 11.
The source spectra have been extracted from
event files which have been screened using the
standard screening criteria. The source-spectrum
extraction radii were 6 and 3 arcminutes for the
GIS and SIS respectively. The background spec-
tra have been extracted from off-source areas from
the same detector, excluding 7.5 and and 3.7 ar-
cminutes from the X-ray source for the GIS and
SIS data respectively. The background subtrac-
tion have been made by scaling the background
spectra by the areas of extraction, as automati-
cally made by XSPEC. Because of the brightness
of the source, the analysis is little affected by the
uncertainties related to background scalings. The
two GIS and two SIS spectra are co-added respec-
tively. The background spectra and response files
have been generated respectively for the summed
GIS 2+3 and SIS 0+1 spectra.
The ROSAT PSPC spectra have been extracted
using an extraction radius of 1 arcminute. Back-
ground spectra have been extracted from an an-
nular region around the source, between 1.25 and
3.75 arcminutes. One spectrum has been made for
each of the three PSPC pointed observation (Table
1). We see no evidence of a spectral change among
these three datasets (see below). Thus the three
spectra for these three sequences have been co-
added for the joint analysis with the ASCA data.
The ASCA and ROSAT spectra have been re-
binned such that each bin contains at least 25
counts in order to utilize the χ2 statistics dur-
ing the spectral analysis. The source was bright
enough for this re-binning process without sacri-
ficing the resolution.
3.2. Spectral Analysis
The channel energy ranges used for the analy-
sis are 0.15-2 keV, 0.6-10 keV, and 1.0-7 keV for
the ROSAT PSPC, ASCA GIS, and ASCA SIS,
respectively. Because of the calibration uncertain-
ties related to the radiation damage, we have ig-
nored ASCA SIS channels below 1 keV.
Firstly, we have verified the basic fitting results
of ZGW with joint fits to the three PSPC spec-
tra, where all model parameters are joined ex-
cept for the global normalization. As observed
by ZGW, slight variations of the global normal-
ization have been observed. This is discussed in
Sect. 5. When all parameters are separately fit
for the three datasets, the best fit parameters are
always consistent with the joint ones within er-
rors. This warrants that we can use the summed
spectra for PSPC for further analysis.
Next we have made a spectral analysis of ASCA
only (GIS & SIS). We have tried to fit the spec-
tra with three models: (A1) a single power-law,
(A2) a thermal plasma using the XSPEC mekal
model, and (A3) a disk blackbody (Mitsuda et al.
1984) (XSPEC model diskbb), where “A” stands
for ASCA. The best-fit parameters are shown in
Table 2 and fit residuals are shown in Fig. 1. The
single power-law of photon index Γ ∼ 1.9 gave
the best fit without inclusion of any absorption.
The photon indices for separate fits to the gave
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Γ = 1.85 ± 0.07 and 1.87± 0.07 for GIS and SIS,
respectively (NH fixed to 0). The agreement ver-
ifies the goodness of our background subtraction.
The 90% upper-limit to the column density of the
absorbing gas was NH ≤ 1.3 1021 [cm−2]. The
thermal plasma model with kT ∼ 5 [keV] also gave
a good fit with χ2/ν = 0.84. We have obtained
a heavy element abundance of Z = 0.2 ± 0.2Z⊙,
which is marginally consistent with the O/H ratio
of ∼ 0.4 (relative to solar) for this galaxy (Hunter
& Gallagher 1985). However note that the metal-
licity of the source of X-ray emission does not
necessarily be equal to that of some average for
the HII regions scattered throughout the galaxy
and that the hard X-ray mainly measures the iron
abundance, which does not necessarily match with
that of oxygen.
The multicolor disk blackbody model failed to
fit the ASCA data as shown in Fig. 1(c). Thus the
disk-blackbody component does not dominate the
hard X-ray emission observed by our ASCA ob-
servation, unlike the cases of, e.g., IC 342 source
1 and NGC 1313 source B studied by Makishima
et al. (2000). The power-law index of the ASCA
spectrum is much harder than that of ROSAT
PSPC spectrum (Γ ≈ 2.7; ZGW), which has re-
sponse in E . 2 keV.
Finally, we have made a joint spectral analysis
using all the ROSAT PSPC and ASCA GIS/SIS
data. We have summed all the three PSPC spectra
for the joint spectral fits. We have joined all the
model parameters except for the global normal-
ization as before. Because the ROSAT spectrum,
covering a lower energy range, is much softer than
that of ASCA, we have tried models with hard
power-law (Γ ∼ 1.9) with some soft excess and
an absorbing column. Adding a softer power-law
component did not give a satisfactory fit. As the
soft component, we have tried the thermal plasma
and disk blackbody models. As shown in Table
2, both “Power-law+Thermal” (J1) and “Power-
law+Disk blackbody” (J2) models gave reason-
able fits. Note that the abundance of the ther-
mal plasma have been fixed to 0.4 (see above) for
J1. When this was a free parameter, the fit could
not constrain it. In both J1 and J2, the absorbing
column was NH ∼ 0.7 − 1 1021 [cm−2], which ex-
ceeds the galactic value implied by the 21cm data
of NH ∼ 3 1020 (Dicky & Lockman 1990), indi-
cating an absorbing component within Holmberg
II. The soft excess component, which can either be
described as a kT ∼ 0.3 [keV] thermal plasma or a
kTin ∼ 0.2 [keV] disk blackbody spectrum, has 20-
30% of the total 0.5-2 keV total luminosity. The
ROSAT and ASCA spectra are shown with folded
models and residuals in Fig. 2 for J1. The to-
tal luminosity of the X-ray source is ≈ 1.0 1040
[erg s−1] in the 0.1-10 keV after correcting for ab-
sorption (GIS normalization). This corresponds
to an Eddington luminosity of ∼ 80[M⊙].
For the fit J2, the GIS normalization of the disk
blackbody component gives rin
√
cos θ = 3500 −
7500 [km], where rin is the inner disk radius, θ
is the viewing angle and the 90% confidence error
was searched for by allowing all other variable pa-
rameters to vary. Assuming rin = 3RS, where RS
is the Schwarzschild radius, this corresponds to
a blackhole mass of 10-25 (cos θ)−0.5[M⊙], while
Colbert & Mushotzky (1999) pointed out that the
rin estimation based on the disk blackbody within
XSPEC is likely to be underestimated. Further
discussion is made in Sect. 6
We have also tried a two-thermal plasma model
fit (J3), where the relative abundances of two
thermal plasma have been fixed to equal. This
model gave an acceptable fit but with a hard ther-
mal component (Thermalh) with kTh ∼ 6 [keV]
and a soft thermal component (Thermals) with
kTs ∼ 0.3 [keV]. In this case, the fitted abundance
was very low Z = 0.02+.03
−.01. We did not find a sat-
isfactory fit for the model where the hard compo-
nent is a thermal plasma and the soft component
is a power-law.
One caveat on our joint fitting analysis is a pos-
sible cross-calibration problem. Iwasawa, Fabian
& Nandra (1999) found that the ROSAT PSPC
spectrum is much softer than that of ASCA SIS
for the simultaneous observations of NGC 5548
(Γ = 2.35 for ROSAT PSPC versus Γ = 1.95
for ASCA SIS). This might have been partially
be caused by the soft excess combined with the
spectral resolution of PSPC or there may be real
cross-calibration problems. The origin of this dis-
crepancy is inconclusive. In our case, the dif-
ference of ∆Γ ∼ 0.7 between the ROSAT PSPC
and ASCA GIS spectra is much larger than that
Iwasawa, Fabian & Nandra (1999) observed for a
similar ASCA index. Thus there certainly is a
soft component over the extrapolation of the hard
power-law even in case the discrepancy observed
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by Iwasawa, Fabian & Nandra (1999) was solely
caused by calibration problems.
4. ROSAT HRI Wobble-Correction and
Spatial Extension
There are wobble-phase dependent systematic
errors with the aspect solution for the ROSAT,
which could lead to a detection of spurious ex-
tended component in the HRI data (Harris et al.
1998; Morse 1994). This has lead to ZGW make a
conservative conclusion that they had detected no
extension in the HRI image. We have applied a
correction for this effect by creating images in 10
wobble-phases, centering each of these images in-
dependently, and re-constructing the image using
the centering information Lehmann et al. (1999).
The original and corrected HRI images are shown
in Fig. 3. The faint knot seen in the NW in the
original HRI image has disappeared in the cor-
rected image. This reconstruction worked very
well down to an HRI count rate of ∼ 0.1 [cts s−1]
for a large number of stars, but can be even used
for fainter sources (Crawford et al. 1999).
The radial profile of the wobble-corrected HRI
image has been compared with the theoretical HRI
PSF from David et al (1995) and the re-calibrated
HRI PSF in Fig. 4. The re-calibrated HRI PSF
was derived from wobble-corrected HRI images of
21 stars from the RBS Schwope et al. (2000). The
re-calibrate HRI PSF shows a slightly deviation
from the theoretical PSF in the radial range be-
tween 10 and 30 arcseconds. The comparison of
the radial profile with both PSF’s indicates an ex-
tended component. Subtracting the re-calibrated
PSF, 27 ± 5% (1σ error) of the X-ray emission is
in the extended component and most of the ex-
cess comes from a radius of ∼ 10′′, corresponding
to ∼ 150 [pc].
5. Variability
The ASCA GIS flux in the 0.5-2 keV band cal-
culated using the spectral model J1 have been
compared with the previous ROSAT observations.
Because ASCA GIS is sensitive only above 0.6
keV, while ROSAT HRI has no spectral resolution
and sensitive in 0.2-2 keV, we have made separate
long-term light curves for the 0.2-2 and 0.5-2 keV
bands. These are shown in Fig. 5. The fluxes from
ROSAT are slightly different from Fig. 3. of ZGW
probably because of the difference in spectral mod-
els. As seen in Fig. 5, there is a 30% decrease
in flux between the first (April 1992) and third
(March 1993) PSPC pointed observations and a
factor of ∼ 2 increase towards the HRI observation
(Oct, 1994). The source brightness came back to
a flux close to the PSPC observation during the
ASCA observation in 1999. This does not neces-
sarily mean that the source is variable at a time
scale of “years”, rather it means that there is a
variability at a timescale longer than the elapsed
time of a single observation (105 − 106[s]).
We also searched for evidence of time variabil-
ity in the ASCA data. First, we have defined the
combined Good Time Intervals (GTI), which con-
sist of the intersection of GTI’s from all the SIS
and GIS detectors. We have used channels corre-
sponding to 0.6-10 keV for the GIS’s and 0.7-7
keV for the SIS’s respectively. For each detec-
tor, binned source and background light curves
have been extracted using a 1024 second binsize.
The extraction regions are the same as those of
the spectral analysis. For each time bin, only
the interval overlapped with the combined GTI
have been used to calculate the countrate. The
background-subtracted light curves have been co-
added to make the final light curve. There is
no significant correlation between the background-
subtracted source light curve and the background
light curve. This also warrants goodness of the
background subtraction.
The resulting light curve is shown with the
best χ2-fit constant value in Fig. 6. No point
is more than 2σ away from the constant value and
χ2/ν = 22.2/26. Thus there is no evidence for
variability at time scales between 103 and 104 sec-
onds in the ASCA data. Separate light curves for
the hard (E ≥ 2 [keV]) and soft (E < 2 [keV])
bands did not show any sign of variability either.
This is in contrast to the ROSAT light curves re-
ported by ZGW, which show a convincing case
of gradual decrease of flux by a factor of ∼ 3
over 2 × 105 seconds during the second pointed
PSPC observation and less convincing indications
of shorter timescale variabilities.
6. Discussion
Our analysis suggests at least two-components
of the X-ray emission. An extended and a point-
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like component have been revealed by the spa-
tial analysis. The variability also provides evi-
dence for at least a compact component. The joint
ASCA/ROSAT spectral analysis suggests a non-
thermal power-law component plus a warm ther-
mal component or a moderately low temperature
disk blackbody component. The overall spectrum
can also be described as a superposition of two
thermal components with a very low metallicity.
However, the variability observed in this object
argues against total thermal origin of the X-ray
source.
The X-ray source at the edge of Holmberg II
shows unusual characters, even given the large
number of off-nuclear X-ray sources in nearby
galaxies at similar luminosities. While most of the
X-ray sources studied by Colbert & Mushotzky
(1999) reside in the nuclear region, this is at the
very edge of a dwarf galaxy. Unlike a number
of off-nuclear sources studied by Makishima et al.
(2000), hard X-ray emission is not dominated by
a disk blackbody component with kTin & 1 [keV].
If the soft excess component comes from a disk
blackbody emission, the implied blackhole mass
from the normalization of this component is 10-25
(cos θ)−0.5[M⊙] assuming a Schwarzschild black-
hole (see Sect. 3). However, estimating the mass
from the temperature kTin ∼ 0.2 [keV] using Eq.
(12) of Makishima et al. (2000), we obtain ∼ 104
[M⊙]. This large discrepancy argues against the
disk-blackbody interpretation of the soft excess,
even though we consider the underestimation of
the mass pointed out by Colbert & Mushotzky
(1999), nearly edge on viewing angle, and spin-
ning of the blackhole.
One of the most surprising results from our
analysis is that these two (or more) bright X-
ray components co-exist in a compact region in
one of the numerous HII regions and no other X-
ray source with a comparable brightness exists in
other part of the galaxy. All other X-ray sources
scattered throughout the galaxy, which are either
supernova remnants or X-ray binaries, have lumi-
nosities of Lx . 10
37 [erg s−1 cm−2] (Kerp & Wal-
ter 2000). Thus it is unlikely that the two (or
more) components have independent origins. The
possible explanations of this X-ray source with ob-
served multiple components are:
(a) A supernova remnant (SNR) or a composite
of SNRs (the kT ∼ 0.3 [keV] extended ther-
mal component) feeds an intermediate mass
blackhole with gas.
(b) An accretion onto a stellar-mass compact ob-
ject, e.g., similar to galactic blackhole X-ray
binaries, beaming towards our line of sight,
is embedded in an SNR or a composite of
SNRs.
(c) The non-thermal power-law and the soft ex-
cess components (possibly blackbody emis-
sion from the accretion disk around an
intermediate-mass blackhole) come from the
same compact region while the extended
component is caused by scattering/reflection
of the central source.
The flat radio spectrum (Tongue & Westpfahl
1995) in the region of this X-ray source shows an
existence of a supernova remnant or a composite of
supernova remnants. This supports the possibili-
ties (a) or (b). However, the extended component
is too luminous for thermal emission from a single
(or a few) supernova remnant(s) (SNR), consider-
ing its size of ∼ 200 pc and its 0.5-2 keV lumi-
nosity of a few ×1039 [erg s−1]. A single SNR can
only be at this luminosity when it is very young
(. 102 years) (Schlegel 1994; Schlegel et al. 1999)
and thus it cannot have grown into this scale size
nor can feed the intermediate-mass blackhole lo-
cated 200 [pc] away. Thus more than a few super-
nova remnants are needed to make the extended
structure, which also feeds the blackhole causing
the variable, non-thermal emission. From our cur-
rent data, we are not able to distinguish whether
the central source represents an accretion onto an
intermediate-mass blackhole or a stellar mass com-
pact object (e.g. X-ray binaries) with beaming
towards our line of sight.
The possibility (c) is not likely for the fol-
lowing reasons. The possibility that electron-
scattering by surrounding diffuse gas is the ori-
gin of the extended emission has the following
difficulty. Scattering gas with a column density
of NH & 10
23 − 1024 [cm−2] is required to ac-
count for the ∼ 30% extended component. The
gas would cause heavy photoelectric absorption
unless the scattering diffuse gas is highly ionized
(Wilson et al. 1992; Elvis et al. 1990). If the gas
was thermally ionized, the temperature of the gas
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must be greater than a few million degrees [K] in
order that the absorption features due to a col-
umn density of NH = 10
23 [cm−2] is not visi-
ble in the ASCA spectrum. For demonstration,
we assume a uniform sphere of gas of 200 [pc]
in radius filled with hot ionized gas with a col-
umn density of NH = 10
23 [cm−2] from the cen-
tral source. Such a sphere of thermal gas would
produce X-ray emission which is several orders of
magnitude larger than observed. Photoionization
also cannot be a valid explanation, because the
lower limit of the ionization parameter required
to be consistent with the ASCA spectrum also re-
quires several orders of magnitude larger luminos-
ity for the ionizing source. We also consider a pic-
ture where the surfaces of optically-thick molec-
ular clouds scattered throughout the region (gi-
ant molecular clouds where star forming activi-
ties are embedded) reflect the radiation from the
central source, while our line of sight to the cen-
tral source is not blocked by any of them. This
picture also has a similar difficulty. In order to
attain sufficient reflectivity in the ROSAT band
(E . 2) [keV], the surface of the clouds have to be
highly ionized. Using the XSPEC model “pexriv”
(Magdziarz & Zdziarski 1995), we estimate that
an ionization parameter of ξ ≡ L/(nR2) > a few
hundred [erg cm s−1] is required to have the re-
flectivity of more than 20-30% in this band. For
a central ionizing source luminosity of L ∼ a few
×1040 [erg s−1], at a distance of R = 200 [pc], this
ionization parameter corresponds to a gas density
at the surfaces of the clouds of n . 10−3 [cm−3].
This is much lower than that of a usual interstel-
lar medium and scattered clouds of this density
cannot be optically thick.
If the intermediate-mass blackhole picture of
this X-ray source is the case, there is a question
of its formation. Taniguchi et al. (2000) discussed
possible origins of the off-nucleus “intermediate-
mass” blackholes presumably responsible for off-
nuclear luminous X-ray sources and their pre-
ferred model was multiple mergings of stellar rem-
nants (stellar-mass blackholes and neutron stars).
Matsushita et al. (2000) found a molecular su-
perbubble in the vicinity of a similar off-nuclear
X-ray source in M82, suggesting that an inten-
sive star formation is connected to the formation
of an intermediate-mass blackhole. This may be
the case for the compact component of the X-ray
source discussed here because of the intense star-
forming activity in the region. However, the ques-
tion remains as to why there is only one such X-ray
source in this galaxy and not at the locations of
other numerous HII regions. Probably the X-ray
emission is a short-lived phenomenon, where an
intermediate mass blackhole (similar things may
exist in many star-forming regions) is fed by the
passing of a shell of dense gas induced by multiple
supernova explosions.
Chandra (scheduled as a GT target by Mur-
ray) and XMM-Newton (GT target by Watson)
observations of this source will certainly improve
our knowledge of this peculiar X-ray source. The
Chandra observation can make spatially resolved
X-ray spectroscopy and reveal whether the non-
thermal component corresponds to the point-
source and thermal to the extended component
or it has a more complicated structure. The
XMM-Newton observation would give a better
spectral information with a much better statis-
tics and much less cross-calibration uncertainties
in the E . 1 keV region, where multiple compo-
nents are apparent. It will also give variability
information at short timescales.
7. Conclusions
We summarize the main conclusions of our
analysis:
1. New ASCA and archival ROSAT data of the
X-ray source in Holmberg II have been ana-
lyzed.
2. The combined ASCA and ROSAT spectrum
shows can be described as a Γ ∼ 2 power-law
and a soft excess which can either be de-
scribed as a kT ∼ 0.3 [keV] thermal plasma
or kTin ∼ 0.2 disk blackbody. We argue
against the disk blackbody interpretation of
the soft excess component based on the in-
consistency between the luminosity and the
temperature.
3. The wobble-corrected ROSAT HRI image
indicates ∼ 25% of the X-ray emission is ex-
tended at a scale of &10′′ (∼25%). Vari-
ability in the ROSAT data shows that the
point-like component probably comes from
accretion onto a compact object.
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4. It is remarkable that this multiple-component
X-ray source is the only one with a similar
strength among the numerous HII regions in
the galaxy with a similar nature. It is nat-
ural to suppose that these two components
are related.
5. Possible explanations of the nature of the X-
ray source include multiple supernova rem-
nants (extended component) feeding the ac-
cretion onto an intermediate-mass blackhole.
We cannot, however, exclude the possibility
that the central source is a beamed radiation
from an accretion onto a stellar mass (usual
X-ray binaries) object. We argue against a
picture where electron scattering or reflec-
tion by scattered optically-thick clouds of
the central source makes the extended X-ray
emission.
This research have made use of data and soft-
ware obtained from the High Energy Astrophysics
Archival Research Center (HEASARC) located at
NASA Goddard Space Flight Center. The authors
appreciate the effort of ASCA and ROSAT teams
for having created and operated these superb ob-
servatories. The authors thank the referee, Hi-
ronori Matsumoto for his careful review and useful
comments.
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Table 1
Log of ROSAT and ASCA Observations
Detector(Mode) Sequence Start Date Exposure [ks]
ROSAT PSPC rp600140n00 14-APR-1992 7.3
“ “ rp600431n00 29-OCT-1992 11.6
“ “ rp600431a00 14-MAR-1993 3.7
ROSAT HRI rh600745n00 17-OCT-1994 7.8
ASCA GIS(PH) ad77075000 21-OCT-1999 16.5
ASCA SIS (1CCD/FAINT) “ “ 16.5(S0)/16.3(S1)
Fig. 6.— The ASCA light curve of Holmberg
II with 1σ errors. Background-subtracted source
counts for the all four detectors have been co-
added. The energy ranges are 0.6-10 and 0.7-7
keV for the GIS and SIS respectively. The dashed
line shows the best-fit constant value.
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Table 2
Results of the Spectral Analysis
Model Parameters
ASCA GIS & SIS Data
PL KG = 1.0∗; KS = .87± .05; Γ = 1.87± 0.05;
(A1) Fp12 = 2.5± 0.1; χ2/ν = 0.83 (170./206)
Thermal KG = 1.0∗; KS = .86± .05; kT = 4.8± 0.4;
(A2) Ft12 = 2.2± .1; Z = 0.2± 0.2; χ2/ν = 0.84 (208./206)
Disk BB KG = 1.0∗; KS = .87± .05; kTin = 1.19± 0.05;
(A3) Fd12 = 1.9± .1; χ2/ν = 1.34 (276./206);
ROSAT PSPC & ASCA GIS/SIS
(PL+Thermal) · Abs. KG = 1.0∗; KS = .87± .05; KP = .79± .06; Γ = 1.91± .04;
(J1) Fp12 = 2.6± .2; kT = .30± .05;Z = 0.4∗; Ft12 = .67± .17;
NH20 = 7.9± .06; χ2/ν = 1.02 (324./317)
(PL+Disk BB)· Abs. KG = 1.0∗; KS = .86± .04; KP = .78± .04; Γ = 1.88± .07;
(J2) Fp12 = 2.6± .2; kTin = .17± .02; Fd12 = 1.0± .2
NH20 = 9.6± 1.1; χ2/ν = 1.04 (329./317)
(Thermalh+Thermals)· Abs. KG = 1.0∗; KS = .87± .05; KP = .79± .04; kTh = 5.9+1.4−.9 ;
(J3) Fth12 = 2.0± .1; kTs = .35± .05; Fts12 = 1.4± .2;
Z = .02+.03
−.01; NH20 = 8.5± 1.0; χ2/ν = 1.00 (317./317)
Note.— Free parameters of fit are shown with 90% errors (∆χ2 = 2.7). Fixed parameter values
are followed by an asterisk (*). K: Overall normalization factor for each detector/observation.
Detectors are identified with a subscript (G:GIS S:SIS P:PSPC). The normalization is expressed
as a 0.5-2 keV flux (unabsorbed) in units of [10−12erg s−1 cm−2]. Model Components– PL: Power-
law with a photon index of Γ and a 0.5-2 keV flux of Fp12. Thermal: Thermal plasma using the
XSPEC mekal model with a plasma temperature kT [keV], a metal abundance Z in solar units,
where the solar abundance is from Anders & Grevesse (1989), and a 0.5-2 keV flux of Ft12. For
Model J3, the two thermal components are notified by subscripts h (hard) and s (soft) respectively.
Disk BB: The multicolor disk (Mitsuda et al. 1984) (the XSPEC model diskbb) with an innerdisk
temperature kTin and 0.5-2 keV flux of Fm12. Abs: Absorption by neutral gas using the XSPEC
model wabs (Morrison & McCammon 1983) with hydrogen column density NH20 [10
20cm−2].
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